The relationship between the serum ferritin concentration and total body iron stores was investigated in 41 patients with idiopathic haemochromatosis and 199 first or second degree relatives. Thirty-two relatives (16-1 %) had increased iron stores and serum ferritin levels were increased in all but one of them. The false-positive rate in the relatives with normal iron stores was 1 8 % compared with 10% for the serum iron concentration and 33 % for the transferrin saturation. There was a significant correlation between the serum ferritin concentration and both the chelatable body iron and the hepatic iron concentration. We conclude that in the natural history of classical idiopathic haemochromatosis the serum ferritin concentration is usually raised when hepatic iron stores are increased and before there is architectural damage to the liver.
The disease is characterised by inappropriately high absorption of dietary iron with progressive deposition of iron in the parenchymal cells of the liver and other organs with eventual fibrosis and organ failure (Grace and Powell, 1974) . Phlebotomy therapy has been widely used for over 20 years and during that time substantial evidence has accumulated that rigorous venesection therapy prolongs life and may prevent or delay irreversible complications such as cirrhosis, malignant hepatoma, and gonadal atrophy (Williams et al, 1969; Powell, 1970; Bomford et al., 1976) . Moreover, hepatic cirrhosis appears to be an important prerequisite for the development of primary liver cell cancer and even complete removal of iron after the development of cirrhosis does not necessarily prevent the development of this tumour (Powell and Kerr, 1975; Bomford et al., 1976) . Thus, there has been increasing emphasis in recent years on the early detection of iron overload in the relatives of patients with this disease and much interest now centres on the role of simple non-invasive tests in detecting an early increase in iron stores before tissue damage has occurred.
The unreliability of the plasma iron and the transferrin saturation in detecting increased iron stores (Bothwell and Finch, 1962; Crosby et al., 1974) has resulted in reliance on semiquantitative tests using iron chelating agents such as desferrioxamine and also on liver biopsy and the quantitative measurement of liver iron content Powell, 1965) . However, the former is cumbersome and subject to considerable technical variability and liver biopsy is not without risk. Thus, considerable interest has centred on reports that the serum ferritin concentration correlated well with body iron stores in normal subjects and in patients with iron deficiency or uncomplicated iron storage disease (Jacobs et al., 1972; Lipschitz et al., 1974; Walters et al., 1973) . However, early reports of family studies of idiopathic haemochromatosis suggested that the serum ferritin concentration was not a reliable index of iron overload in this disease and that a rise in serum ferritin levels occurred only when liver damage was present Relationship between serum ferritin and total body iron stores in idiopathic haemochromatosis (Prieto et al., 1975; Wands et al., 1976; Feller et al., 1977) . The total number of family studies reported, however, was small.
We have therefore investigated 240 members of 43 families with classical idiopathic haemochromatosis in order to determine the extent to which the above reports were representative. Our previous publication analysed the role of the serum ferritin concentration as a screening test to detect preclinical iron overload in relatives (Halliday et al., 1977) . The present paper will focus on the relationship between the serum ferritin concentration and the total body iron stores in these relatives and our conclusions concerning the natural history of idiopathic haemochromatosis. (Powell, 1970 The serum ferritin concentration was measured by a solid phase radio-immunoassay (Halliday et al., 1975) . All samples were measured in duplicate and estimations repeated on a further serum sample if raised. The normal ranges in this laboratory are 20 to 200 ng/ml for males and 10 to 150 ng/ml for females. Red cell indices and aspartate transaminase concentration were measured using standard laboratory techniques in the Department of Pathology, Royal Brisbane Hospital. Liver biopsies, after removal of a portion for measurement of iron concentration, processed for routine light microscopy, were stained with haematoxylin and eosin, a reticulin stain, and Perls' Prussian Blue for iron. The histological sections were assessed by one of us and a pathologist without knowledge of the clinical details. The amount of stainable iron in hepatocytes was graded 1 to 4 after Scheuer et al. (1962) . According to this grading, grade 1 was regarded as normal and grades 2 to 4 as abnormal (Powell, 1966) . Additional assessment of increased iron stores was made retrospectively by repeated phlebotomy whenever possible.
Methods

Results
Individual values have been tabulated previously (Halliday et a!., 1977) . As stated above the present study will review particularly the relationship between the serum ferritin concentration and the total body iron stores in those subjects with preclinical or latent iron overload and our conclusions concerning the natural history of idiopathic haemochromatosis. A summary of the reliability of the serum iron transferrin saturation and serum ferritin concentration in detecting increased iron stores is given in the Table. (Halliday et al., 1977) .
SERUM FERRITIN CONCENTRATION AND BODY IRON STORES
In this study, the serum ferritin concentration was grossly raised in all 41 probands (range 670 to 4100 ug/l). Of the 199 relatives investigated, 32 (16 1 %) were shown to have increased iron stores by one of the above methods (other than the serum ferritin concentration). The serum ferritin was above the upper limit of the normal range with one exception in all relatives in whom increased iron stores were later confirmed. This subject, a 38 year old housewife, is believed to represent the syndrome described by Wands and colleagues (1976) in which the normal serum ferritin level remains unexplained (Halliday et al., 1977) . In all other respects the patient's disease resembles classical idiopathic haemochromatosis.
The correlations between the serum ferritin concentration and other indices of iron storage were in agreement with those published by Prieto et al. (1975) and more recently by Edwards et al. (1977) . The correlation coefficient for the serum ferritin versus the chelatable iron (r = 0 88) was higher than that between the serum ferritin and hepatic iron concentration (r = 0-65). Both were significant at the 1 % level.
The Figure and in patients with iron deficiency, transfusional haemosiderosis or advanced haemochromatosis (Jacobs et al., 1972; Lipschitz et al., 1974; Walters et al., 1973) , its value in the diagnosis of early idiopathic haemochromatosis has been questioned. Wands et al. (1976) and Feller et al. (1977) described three families in whom several affected relatives with precirrhotic haemochromatosis had increased body iron stores of up to 15 g with normal levels for serum ferritin. Wands and his colleagues postulated that the serum ferritin concentration is raised in the later stages of iron accumulation only, after considerable parenchymal cell iron deposition and reticuloendothelial iron accumulation, and they concluded that serum ferritin levels were no more predictive of tissue iron concentrations than measurements of the serum iron, transferrin saturation, or chelatable iron. In the present study of 43 families, the serum iron and transferrin saturation were not reliable indices of increased iron stores (Table) . In contrast, serum ferritin levels were raised in all subjects with increased iron stores except one (98 %). In only three patients (1 -8 %) was the serum ferritin raised in the absence of increased iron stores and all three consumed alcohol to excess. The raised serum ferritin levels in these subjects were presumably caused by hepato- cellular damage by alcohol (Prieto et al., 1975) and it is noteworthy that in all three subjects the serum ferritin levels fluctuated widely. The reason for the normal serum ferritin concentration in the three families reported by Wands and his colleagues and in our one patient remains to be determined. It presumably represents a variant of the disease, perhaps with serum ferritin having different immunological properties. However, for practical purposes it would appear to be a rare disorder, at least in Australia.
On the basis of our observations and the previous literature we propose the hypothesis concerning the natural history of classical idiopathic haemochromatosis that is illustrated in the Figure. An inappropriate increase in iron absorption would appear to be present from birth (Finch and Finch, 1955 ). An increased serum iron concentration and decreased transferrin level are often seen in younger relatives without an increase in total body iron stores Powell, 1965) . The next demonstrable abnormality is probably an increase in hepatic iron concentration (Finch and Finch, 1955; Grace and Powell, 1974) and at that stage the serum ferritin level appears to rise (Edwards et al., 1977; Halliday et al., 1977) . However, the serum ferritin concentration is not consistently raised until the total body iron stores are increased (Prieto et al., 1975; Edwards et al., 1977; Halliday et al., 1977) . In our experience, with the exception of the single case discussed above, the serum ferritin concentration is raised before hepatic fibrosis and cirrhosis develop-a point of considerable practical importance. Once progressive tissue injury and cirrhosis supervene, the level of serum ferritin may rise further because of cell necrosis.
All would probably agree that the most sensitive and reliable index of increased tissue iron stores is the quantitative measurement of liver iron concentration (Bothwell et al., 1962; Finch and Finch, 1955) . However, not all would agree that the systematic evaluation of first degree relatives of patients with idiopathic haemochromatosis should necessarily include precutaneous liver biopsy. The results of the present study would suggest that the serum ferritin concentration is a reliable noninvasive screening test for iron overload and that the combination of serum ferritin and serum iron concentrations will allow detection of idiopathic haemochromatosis in the precirrhotic stage. If either test is abnormal liver biopsy and estimation of hepatic iron concentration are indicated. If both tests are repeatedly normal the probability that the subject has increased body iron stores would appear to be very low indeed. 
